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T H E  G L O B U L I N S  OF TILE G R O U N D  N U T  

( A rachis Hypogaea) 

II. ELECTROPHORETIC EXAMINATION OF T H E  ARACHIN SYSTEM* 

by 

P. JOHNSON, E. M. SHOOTER, AND E. K. R I D E A L  

Davy Faraday Research Laboratory o/the Royal Institution, London (England) 

I. INTRODUCTION AND EXPERIMENTAL 

The ground nut  globulins have been the subject of an electrophoretic examination 
b y  FONTAINE, IRVING AND WARNER 1. T o  o b t a i n  sufficiently concentrated solutions for 
analysis at o.5 ° C, these authors used an NHs.HC1 buffer at PH 9 .26 and ionic strength 
o.Io both for the extracting medium and as solvent buffer for the analyses. From the 
extract, which contained two major and small amounts of minor components, they 
prepared several fractions. Of interest in this investigation is an arachin fraction 
prepared by twice precipitating with 4o % ammonium sulphate and a final precipitation 
from a solution in lO% sodium chloride by a tenfold dilution with distilled water. This 
fraction contained only the two major components whose mobilities were nearly equal. 
From the electrophoretic diagrams, FONTAINE el a~. postulated that  two components X 
and Y (A and B in the nomenclature of FONTAINE et aL) were present in the arachin 
fraction as an equilibrium system 

k, 
X + Y ~ X Y  

k2 

where the reaction constants k I and k z were large and of the same order of magnitude. 
An examination was also made of a protein fraction precipitated at PH 4.5 by the 

addition of acid to a lO% sodium chloride extract. The electrophoretic patterns of this 
precipitate were similar to but  not identical with those of the arachin fraction. 

In Part  I of this paper it has been confirmed that  arachin is a reversibly dissociating 
molecule and that  the molecular composition of an arachin solution is dependent upon 
the properties of the buffer solvent. Although NHvHCI buffers were not investigated, 
by analogy with other systems, solutions in these buffers which have been dialysed for 
days would be expected to contain two components (parent molecule and dissociation 
products). The above experimental findings of FONTAINE et al. are not therefore un- 
expected, though our interpretation is not the same as theirs (see p. 385). 

Because of the very limited solubility of fractions I and I I  in the PH range 6.5 to 9.5 

* For Par t  I, see Biochim. Biophys. Acta, 5 (z95 o) 36z. 

Re/erences p. 396. 
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at  00-4 ° C, the electrophoresis experiments have been conducted at  2o ° C. The limitations 
of field strength for convection-free electrophoresis at this temperature have already 
been discussed t. I t  has therefore been possible to examine and compare solutions of both 
fractions under exactly the same conditions of temperature,  protein and salt concen- 
tration and time of solution as the previously reported experiments in the ultracentrifuge 
(Part I). 

The electrophoresis appara tus  was a Hilger instrument with a modified optical 
system, using a medium U tube equipped with a long centre section. The experimental 
manipulation of such instruments is described elsewhere. To ensure osmotic equilibrium 
between protein solutions and the buffer solvents (the importance of which is stressed 
on p. 392) dialysis for not less (and usually more) than 48 hours was necessary. For this 
reason electrophoretic examination is not very suitable for the investigation of half-life 
times of the longer equilibrium processes and is useless when these are less than 5 ° hours. 
However information of this  type has been obtained where possible and its comparison 
with ultracentrifuge es t imates  is of considerable interest. 

II .  ELECTROPHORETIC ANALYSIS IN PHOSPHATE BUFFERS (I = 0.:0) 

a. Solutions o/]faction I 

In  Fig. ra, b and c are given respectively the electrophoresis diagrams (at approxi- 
mately the same stage of resolution) of solutions of fraction I at pa ' s  6.88, 7.08 and 7.94 
whilst Fig. 2 contains graphs of mobility against PH (dotted line). 

An Age of 
PH • x 05 solution Asc. Desc. 

(hrs) ~ __, 

a. 6.88 xo 5 5 ° 

b. 7.08 roI 5 ° 

c. 7-94 x26 x2o 

d. 6.90 H 4 94 

Fig. x. Electrophoresis diagrams of solutions of fraction I in phosphate buffer; I = o.xo. 

No complete separation of the two components which possess quite different 
molecular weights (33 o ooo and x8o ooo) and sedimentation constants was achieved at 
any t ~  (cf. Fig. 4 Par t  I). The ascending boundaries which tended to be sharper than 
the descending (for reasons to be discussed later, p. 39 I) usually showed more clearly 
the possible presence of the two components but  so incomplete was the separation that  
no assessment of relative concentrations or of small changes in concentration with pe  
could be at tempted.  

The analysis given in line d. of Fig. x - - a n  excess of fraction I stirred with buf fe r - -  
showed a different boundary  contour on the ascending from the descending limb. I t  is 

Re/evences p. 396. 
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Fig. 2. Mobility vs PH graphs for fractions I and II in 
phosphate buffer; I = o.lo. 

Fraction I : 
Fraction II : 
Fract ion  I q- 0.0025% (NH4)sSOt: X 

thought that  this is not to be inter- 
preted as denoting very different 
concentrations of the two compo- 
nents in the two limbs but  rather 
results from a combination of bound- 
ary anomalies and the incomplete 
separation of the components. The 
presence of boundary anomalies 
causes here a sharpening of the as- 
cending and a blurring of the de- 
scending boundaries, the extent of 
the effect being determined by the 
osmotic contribution of the compo- 
nent forming the boundary. I t  is 
very unlikely therefore that  final 
combined contours of the two in- 
completely separated boundaries will 
be the same on the ascending and 
descending sides. Other factors due 
to anomalies, e.g. change in apparent 
concentrations or change in relative 
mobilities of the two components 
will also differ within the boundaries 
and contribute to the alteration of 
the final contour (see p. 39I). 

It  was possible to obtain better 
separation of the two components 
at higher field strengths but  the 
disintegrating tendencies of thermal 
convection introduce uncertainty 
and preclude a detailed study. 

b. Solutions o//raction I I  

In agreement with indications 
from the ultracentrifuge, solutions 
of this fraction were more nearly 
homogeneous (Fig. 3a and b). 

The small amount of slow corn- 
ponent (ca. 20% of the total at PH 7.87) is actually dissociated So. o species which arises 

A .  Age of 
PH . t °  5 solution Asc. Desc. 

(hrs) ~- -+ 

a. 6.9o Ioo 4 ° • 

AK_ _A 
b. 7.87 97 xoo 

Fig. 3- Electrophoresis  d iagrams of solutions of fraction I I  in phospha te  buffer; I = o.xo. 

Re/erences p. 396. 
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from the slow dissociation of the parent A~ molecule under these conditions s. Values of 
mobility for the two components fall on the full lines of Fig. 2 rather than on the 
plots obtained with solutions of fraction I. It seems likely that solutions of fraction II 
when first prepared differed chemically from those of fraction I only in that they 
contained small quantities (< ~% saturation) of ammonium sulphate and it would 
seem possible that the observed increase in mobility could be explained as an increase 
in net negative charge due to absorption of sulphate ions. 

To investigate this possibility a solution of fraction I in phosphate buffer was 
dialysed against phosphate buffer at PH 7 .08 containing o.oo25 % of ammonium sulphate 
(Io moles/mole Sx4.e species). Although the electrophoretic patterns remained unaltered 
the mobilities of the two components fell almost exactly on the mobility graphs obtained 
with the solutions of pure fraction II (Fig. 2). Adsorption of sulphate ions must therefore 
occur and the adsorbed ions appear not to be removed by prolonged dialysis. It  was 
further noted that even after precipitation of diluted solutions of fraction II (with an 
equal volume of buffer) at PH 5.0 and subsequent re-solution and dialysis of the precipi- 
tate, the mobilities of the components remained at the high values given by the original 
fraction II. The adsorbed SO,-- ions are not displaced by this type of precipitation 
which involves some dissociation of the parent species. 

Whilst incomplete separation in electrophoresis precludes a quantitative correlation 
with ultracentrifuge results, it is to be noted that qualitatively the two sets of results 
are in agreement. 

In estimating the rates of the equilibrium processes it is of interest to compare 
electrophoretic diagrams at different times for a given fraction and for the two fractions 
(Figs. I and 3) at a given time. The incomplete resolution of the two components makes 
estimates very approximate, but at l~  7 it appears that the half-life times cannot be 
less than 5 o hours and are probably greater, whilst at PH 8 the half-lives are probably 
greater than zoo hours. More detailed information is available for the barbiturate 
system (p. 387). 

c. Calculations o/Molecular Ckarge and o/Bound Sulphate 
The two extreme models utilised in the calculation of the probable limits of the net 

charge of a protein molecule from its electrophoretic mobility are normally 
a. a solvated sphere 

and b. an unsolvated cylinder 
Dissolved spherical protein molecules usually fall into the intermediate size cate- 

gory 4 for which the treatment of HENRY 5 is valid. Provided the terms (z~e~o)/kT are all 
< < x, the net charge Q for such a molecule is given by 

/ {ga) (I + ~i)  (I) 

where a is the radius of the protein molecule 
~ is the average radius of the gegenions, 

is the solvent viscosity, 
is the DEBVE-H0cKEL function 

/(xa) is a function evaluated by HENRY 
and u is the electrophoretic mobility. 

Re/erences p. 396. 
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This assumpt ion-- the  normal DEBYE-HOcKEL approximat ion-- is  severe, but  
several workers (e.g. ABRAMSON, MOYER AND GORIN 6) have shown that  net charges or 
valencies thus calculated agree weU with the independent determinations from titration 
experiments up  to valencies of 4- 20. Therefore although the higher values of valency 
quoted in this section may  be quanti tat ively uncertain their differences, which represent 
the numbers of sulphate ions bound, are probably more significant. 

Since in the first instance the molecules are assumed spherical their radius 'a' may 
be derived from the SUTHERLAND-EINSTEIN equation 

k T  
a = - -  ( 2 )  

6m] D 

using the experimentally determined diffusion coefficient D. Thus the valency (7) of 
the  parent  molecule (Sl~,e species), assuming the solvated spherical model, in phosphate 
buffers of ionic strength o.Io becomes finally 

7 = 32.25 u. 

The mobili ty of the descending fast boundary is strictly correct if, as is usual, the 
conductivity of the dialysed protein solution is used in its calculation. Columns 2 and 5 
of Table I therefore contain the interpolated values of the descending mobility of the 
fast  Sxi.e species in solutions of fraction I and n respectively whilst columns 3 and 6 
contain the valency of this molecule (assumed a solvated sphere) determined from the 
above equation. The higher values in column 6 are due to the adsorption of sulphate ion. 

TABLE I 
V A L E N C Y  O F  S 1 4 . 6  C O M P O N E N T  I N  S O L U T I O N S  O F  F R A C T I O N S  I A N D  I I .  P H O S P H A T E  B U F F E R ;  I = o.Io 

pit 

8 . 0  

7.8 

7.6 

7.4 

7.2 

7.0 

6.8 

Fraction I Fraction II 
2 3 4 5 6 7 

U 
• 1 0  4 

Valency 

Sphere 
32.25 u 

Rod 
35.i u 

38.3 

38.2 

37.6 

37.2 

36.7 

35.6 

33.4 

1.09 

1.08 

i .07 

x .06 

I.o45 

I . O 1 5  

0.95 

U 
• 1 0  4 

1.3I 

1.29 

1 . 2 7  

1.245 

1 . 2 2  

1.175 

1.12 

Sphere 
32.25 u 

42.25 

41.6o 

41 .o 

40.2 

39.9 

37.9 

36.1 

35.3 

35.0 

34.5 

34.2 

33.7 

32.7 

30.6 
I 

All values of valency are -ve 

Valency 

Rod 
35.1 u 

46.0 

45.3 

44.6 

43.7 

42.8 

41.2 

39.3 

8 9 

Increase in Valency due 
to adsorbed SO4-- ion., 

Sphere Rod 

7 .0 ] 7-7 

6.6 7.1 

6.5 7.0 

6.0 6. 5 

5-7 6.i 

5.2 5.6 

5.5 5.9 

For model b, the unsolvated cylinder, a similar procedure is followed using instead 
of the actual radius, the radius of a hypothetical unsolvated sphere a o given by 

ao \ , ~ N /  (3) 

Re/erences p. 396. 
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where M is the molecular weight of the protein, v is the partial specific volume and N 
the AVOGADRO Number. Thus again for the parent Sx4.6 component (assumed an un- 
solvated sphere) 

= 22.5 u. 

The experimentally determined frictional ratio fifo of 1.24 for this component leads 

(;) to an axial ratio of 4-7 if the molecule is assumed unsolvated. I t  is then possible 

from calculations of GORIN ~ to determine the valency of this unsolvated cylinder. 
Thus 

22.5 
y = ~ u  = 35 .1u  

where o.64 ( =  R) is the ratio of the mobilities of the unsolvated cylinder of axial ratio 
4.7 and the unsolvated sphere of radius a 0 at an ionic strength of o.Io. The values of 
valency for this model are found in columns 4 and 7 and it is to be noted that,  although 
larger, these do not differ fundamentally from those for the previous model. 

I t  is most probable that  the actual valency of the parent molecule lies between 
those determined for the solvated sphere (3 and 6) and the unsolvated cylinder (4 and 7). 
Of considerable interest are the increases in valency of the parent molecule due to 
adsorption of sulphate ion (columns 8 and 9)- The decrease observed in these values 
at  the lower pa's is probably not significant being dependent on the relative slopes of 
the mobility-pH plots. Thus 3 or 4 sulphate ions are bound per molecule of the S14,6 
species over the PH range 6.90-8.0o and these are not removed by dialysis or precipitation 
of the parent molecule at the isoelectric point. 

No at tempt  has been made to repeat these calculations for the sub-molecule ($9.0). 
The mobility of the slower component of a two component mixture when calculated in 
the normal manner is incorrect by a factor dependent on the magnitude of the boundary 
anomalies. Although some calculations are made later of the effect of boundary anoma- 
lies, a reliable value for the mobility of the $9. 0 species cannot be obtained simply from 
present experimental data. 

d. The equilibrium reaction as a/unction o/the charge o/the molecules 

From the ultracentrifuge results it is most probable that  the parent molecule 
dissociates into half molecules of greater asymmetry. The influence of the two factors 
a. shape and b. size on the migration of the half molecules may be briefly discussed. 

a. The mobilities of both parent (Ua2) and half molecules (ua) may be compared 
with the mobilities of spheres of equal molecular volume and charge (u°s and u ° resp.) 
with the aid of the calculations of GORIN. Thus at an ionic strength of o.io and assuming 
axial ratios of 2.6 and 4.6 

UA~ UA 
= 0.75 and~a = 0.65 

u°AG 

The more asymmetric sub molecule suffers the greater retardation. 
Combining we have 

uA 0.65 u ° 

uas 0.75 uas 
Re/erences p. 396. 
25 
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b. On the other hand the smaller spherical molecule will (for a charge equal to that 
of the parent molecule) move faster than the parent molecule by a factor given by 
eqn. (I) and equal to 

u°a (I + ~a + x~3a~ t(xa)a 
uO8 (1 + ~¢a + ~tV~)a /(~a)a z ~ I"47 

Thus 

ua u ° 0.65 0.65 
u~, uO 2 x ~ 1.47 x 

0.75 0.75 
1.26 

represents the ratio of the mobilities of the half and parent molecules assuming equal 
charge, only changes in size and shape occurring in the dissociation having been taken 
into consideration. If the charge on A is half that on A t and no other factor intervenes, 
the mobility of the half molecule would therefore be expected to be just over half the 
mobility of the parent molecule and a very good separation of these two components 
would be achieved in the electrophoresis experiments. 

The experimental observation that the mobility of the sub-molecule is very 
considerably higher than half the mobility of the parent molecule may arise from either 
or both the following: 

a. inadequate theoretical treatment of the effect of size and asymmetry on electro- 
phoretic migration 

b. an increase in the net negative charge of the haft molecule after dissociation i.e. 
the appearance of negative or disappearance of positive groups. 

It is probable that a. is only of secondary importance since it has already been 
mentioned that good agreement has been found for valencies calculated independently 
from electrophoretic and titration data. 

The second consideration implies that the reverse process, association, must then 
involve a disappearance of negative or appearance of positive groups. However, the 
presence of sulphate ions which increase the net negative charge, tends to retard 
dissociation (or significantly alter the equilibrium position) and the role played by sul- 
phate ions and the importance of charge effects in general on the equilibrium processes 
is not at all clear. 

I I I .  EXAMINATION OF THE GROUND NUT FRACTIONS IN 

BARBITURATE BUFFERS ( I  = 0 .04 )  

The incomplete electrophoretic separations in phosphate buffers made quantitative 
measurements on the dissociation of the $14.e species impossible. It was hoped, however, 
that the known property of the barbiturate ion in allowing better electrophoretic 
separations (e.g. SVENSSON 8) would also operate in the ground nut system. In addition 
(for negatively charged protein molecules) boundary anomalies are smaller in this 
particular buffer and the final interpretation of the schlieren diagrams is much simplified. 

a. Solutions o/~faction I 

The electrophoretic diagrams for these solutions (pH'S 7.OO--9.5O) are given in Fig. 4 
and the corresponding mobility graphs in Fig. 5 (open circles). 

Re[erences p. 396. 
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I t  is first apparent that  an increase in the concentration of the faster migrating 
component in both ascending and descending boundaries occurs with decreasing pm 
By comparison with ultracentrifuge results this component is most probably then to be 
identified with the parent $I~ 6 component. 

A g e  of  zJr~ Asc .  D e s c .  
P H  s o l u t i o n  • 1 o s "*- -~  

(hrs) 

7.05 7 ° I z5 

7 . 0 6  6 o  1o8  i |  11 

A 
7.3I 4 ° 110 

7.5  ° 2 4 110 II 

7 .55  45  0 9 5  • i i  

A A 

-~7.~I 6 0  I l l  i , , ' ,  II 

A 
8 . I 8  68  l o 6  

8 .97  63  I x 6  I 
A 

9.42 48 x22 

Fig. 4. Elect~ophoresis diagrams of solutions of fraction I in barbiturate buffers; I = 0.04 

At the higher pH'S Of 8.97 and 9.42 the boundaries were composed mainly of the 
other slow migrating, S~o, component whilst at the lower pH'S the amount of $1~.6 
component visibly increased. In view of the slowness of reaction rates at these pH's 
(see Part I), it is unlikely that  the relevant electrophoretic diagrams correspond with 
completely equilibrated systems, but the general observation above is not in doubt. 
Apart from the ascending boundary at PH 7 .0 the separation of the Sx4.e and $9. o species 
was again incomplete and no accurate area determinations for individual components 
could again be obtained. 

It  will be recalled that  ultracentrifuge results indicate that  at the higher pM's an 
equilibrium solution contains some 80?/o of dissociated $9. o species, this quantity 
decreasing at the lower pH'S until below Pa 7 .0 the parent Sx~8 species predominates. 
Thus there is qualitative agreement between the two sets of results. At Pa 7.o the sepa- 
ration of the components in the ascending limb was good and the relative concentrations 
corresponded approximately with those of the known equilibrium position at this PH, 
as determined by the ultracentrifuge, i.e. a slightly higher proportion of the dissociated 
$9.o species. As aaticipated from the results of Part I, the relative concentrations did 
not alter with the time of solution, the equilibrium having been established within the 
time of the shortest period of dialysis at  t ~  7 .0 (i.e. within 45 hours, Fig. 6). 

Re/erences p. 396. 
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Fig. 5- Mobil i t ies of p a r e n t  a n d  d issoc ia ted  molecules  of 
g round  n u t  g lobul in  in b a r b i t u r a t e  buffers;  I = 0.04. 

Age of A n  Asc. 
so lu t ion  • Io s --* 

(hrs) 

a. 45 ,08 ~ 

The concentrations correspond- 
ing to the ascending boundaries in 
Fig. 6 are given in Tab.e II. 

Although the descending bound- 
ary at PH 7 .0 (Fig. 6) appeared to 
give the reverse distribution of con- 
centrations ( i .e .  a greater proportion 
of the faster component) it is again 
felt (cf. p. 378) that  the anomalous 
spreading of individual boundaries 
previously referred to, particularly 
when mobilities are alike and separa- 
tion incomplete, may mask the true 
composition of these migrating 
boundaries. It may be noted, in this 
connection, that  the increase in the 
concentration of the fast ($14.e) com- 
ponent with decreasing PH seems to 
occur more rapidly in the descending 
than in the ascending limb. This 
effect, again, must be due to the 
unequal spreading of the various 
boundarics. It  cannot arise as a 
result of the equilibrium reactions 
since the half life is always longer 
(and at high PH very much longer) 
than the duration of an experiment. 

The results of FONTAINE ¢t al .  ~ 

may be conveniently discussed at 
this point. Their preparation of 
arachin originated from an NHvHCI' 
extract at PH 9 .26 and ionic strength 
o.Io and the state of association of 
the protein in this solution is not 

Desc. 

b. 60 zo8 ~ ~ lk  

c. 60 xz 7 

d. 85 zI 5 

Fig. 6. E lec t rophores i s  d i a g r a m s  of so lu t ions  of f rac t ion I in b a r b i t u r a t e  buffer;  PH 7.05-7 .o8, I = 0.04 

Re/erences p. 396. 
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T A B L E  II  

RELATIVE CONCENTRATIONS (APPARENT) OF TIIE TWO COMPONENTS (FROM 

ASCENDING BOUNDARY); pH'S NEAR 7.0 IN BARBITURATE BUFFER, I = 0.04 

385 

I 
E x p e r i m e n t  of [ 

Fig. 22 

a 

b 

c 

d 

Ul t r acen t r i fuge  
resu l t  

PH 
Age of 

so lu t ion  
(hrs) 

Re la t ive  conc. % 

7.o8 

7.o6 

7.o5 

7.05 

45 

60 

60 

85 

Sx4.e $8 .5  

4 z 59 ( +  3) 

42 58 

48 5 2 

46 54 

45 55 

accurately known. However from other results it seems likely that  the equilibrium 
composition under these conditions contains a considerable amount of the dissociated 
form and the appearance in electrophoresis of two part ly separated boundaries in 
this buffer is not therefore unexpected. An analysis of this fraction at 2o ° C (Fig. 7) 
did not show the presence of two separate boundaries but  increased rates of diffusion at 
the higher temperature could effectively mask the separation. 

T e m p .  A n  F 
o C pH • zo 5 Vo l t s / cm  

2o 9.56 179 2.02 

0. 5 9.56 (by FONTAINE) 

A4-B 

AcB 

ASCENDING = : ', ~ DE,~ENOIN~ 

Fig. 7. E lec t rophores is  d i a g r a m s  of FONTAINE'S a rach in  in NH3.HC1 buffer ;  I = o . Io  

On the other hand the results of FONTAINE el al. may conceivably represent some 
fine structure in the parent molecule which is apparent only at temperatures below 
zo ° C. The apparently different concentration distributions obtained from the incom- 
pletely resolved boundaries in the two limbs of the U-tube are probably caused by  
boundary anomaly effects of the type already discussed (p. 378) and it is not necessary 
to invoke the interaction of two chemically different proteins. The latter explanation 
would be difficult to reconcile with ultracentrifuge results which indicate that  the 
arachin fractions prepared according to FONTAINE a al. consist of one chemically 
defined type of protein molecule with variable amounts of dissociation product only. 

In the last of the experiments recorded at PH 7 .0 (Fig. 6d) the faster component 
split into two to give an additional intermediate component. The latter (which did not 
arise by convection) could very easily remain undetected where the initial separation 
of the two main boundaries was not so sharp as in the above experiment (e.g. Fig. 6a, 

Re/erences p. 396. 
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b or c). The component was not detected in the ultracentrifuge experiments and cannot 
therefore be a further dissociation product of the $9. o species. Its possible significance 
is discussed later. 

b. Solutions o/]raction I I  

The electrophoresis patterns are presented in Fig. 8 and the mobilities plotted 
(full circles) in Fig. 5. 

Age of An 
PH so lu t ion  . l °  5 Asc. Desc. 

(hrs) +- --~ 

7.04 71 1o8 ~ - " ~  

A 
7.04 90 054 

7.15 45 :o3 i 

7.50 9 ° I iO 

7.97 I i o  x14 

8.89 9I  IIO ~ 

Fig.  8. E lec t rophores i s  d i a g r a m s  of so lu t ions  of f rac t ion  I I  in b a r b i t u r a t e  buffers;  I = 0.04 

I t  is apparent that  the mobilities of the two components in solutions of fraction II  
at the various pa's are within experimental error identical with the mobilities of the 
components in solutions of fraction I and correspond therefore to parent and dissociated 
forms of the protein. I t  will be recalled that  the mobilities of the components in phos- 
phate solutions of fraction II  were higher than those of fraction I probably because of 
the adsorption of sulphate ions. The identity of the above mobilities in the barbiturate 
buffers must indicate that  the sulphate ions are replaced on the surface of the protein 
by the barbiturate ions. In addition, this replacement affects the rates of the two 
opposing reactions in as much as these rates are measurable at all pH's within the barbi- 
turate  buffer range whereas they are exceedingly slow in the phosphate-sulphate ion 
system at pa 8.o, and slower still at higher pH's. 

The analysis at Pa 8.89 after 9:  hours gave a main component whose mobility 
corresponded with the faster component of fraction I and could therefore be identified 
with the $14.6 species. This is completely confirmed when the ultracentrifugal result is 
recalled, for this solution contained on analysis after I98 hours approximately 9o% of 
the $1t6 species. The concentration of the dissociated, slow electrophoretic componen.t 
is probably less than i o - : 5 %  and emphasises the slow rate of dissociation at these 
higher pH'S. 

The rates of equilibration were shown to increase at lower pH's and the analyses 
at PH 7.97 and 7.5 ° after similar times of solution confirmed the presence of larger 
quantities of the dissociated material. 

Analysis around Pt~ 7.0. The separation achieved in the ascending boundary at 

Re/erences p. 396. 
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PH 7.x5 was similar to that  obtained in solutions of fraction I at pH'S near 7.0. About 
equal concentrations of the two forms were present in this solution of fraction II  which 
had remained at this PH for only 50 hours. Its composition achieved after 45 hours 
differed only slightly from the equilibrium composition at PH 7.O5 (Fig. 6). Solutions 
of fraction I it will be recalled equilibrated within 45 hours at PH 7.05 • 

An attempted experiment at PH 7.04 with fraction II  after solution for 5o hours 
failed unexpectedly because a precipitate formed in the ascending boundary when the 
field strength was applied. Although the precipitate gradually disappeared during the 
course of the experiment the boundary became broken and relative concentrations 
uncertain (Fig. 8). However the addition to this solution of an equal volume of buffer 
(final An = 0.00o54 ) and further standing for I6 hours did produce a composition 
(Fig. 8) very similar to that  of the known equilibrium state at this PH. This point is 
further discussed later (p. 389). 

Comparing electrophoretic diagrams under given conditions for fractions I and II  
it is seen that  at the lower PH values (<  7.5) where reaction rates are relatively rapid 
compared with dialysis times, approximately the same equilibrium position is indicated, 
but, at higher pn's, differences occur which on the basis of Part I must be attributed to 
insufficient equilibration times. Table I I I  contains a comparison of half-life times as 
estimated by electrophoretic and ultracentrifuge examination. Within experimental 
error the whole of the electrophoretic data are in accordance with the views on the 
dissociation system developed in Part I. 

T A B L E  I I I  
HALF-LIVES OF THE EQUILIBRIUM REACTIONS IN BARBITURATE BUFFER; I = 0.04 

PH 

9.0  

8.o 

7.56 

7.3 ° 

7. I5 

7.00 

Half-life (hrs) 

Ul t racentr i fuge 
results  

2OO 

slightly < 200 

Electrophores is  
resul ts  

>> 

IO~2~ 

< xoo 

( ~  io) 

IO0 

5 ° 

c. Electrophoretic ]ractionatio. was possible only for the ascending boundary in the 
barbiturate system at PH 7 .o. The original four-section U-tube of TIS~LIUS was used 
and a very small quanti ty o.3 ml (at low concentration) of the component producing 
the faster ascending boundary (already identified as the $1~ 6 species) was collected. 
The sedimentation diagram of the extracted solution taken one hour after removal from 
the cell showed only one very broad peak (protein conc. < o.2 %). Although the peak 
was small its rapid spreading during sedimentation suggested the presence of more than 
one component. The mean sedimentation constant was z3.3 4- o.5 S. I t  would therefore 
appear that  the solution contained already some quanti ty of the dissociated S~0 species 
- - a  result which confirms the fairly rapid rate of equilibration at 1~ 7 .o. 

Re/erevwes p. 396. 
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d. Calculation o] the charge o~ the parent molecule in barbiturate buyers 
Similar calculations as on p. 379 lead to the net charge of the parent  molecule in 

these buffers at I = o.o 4. The equations for the two models are 

a. solvated sphere y = 25.o3 u 
b. unsolvated cylinder y = 26.7 u 

and the values of the valency are quoted in Table IV. 

T A B L E  IV 

VALENCY O F  31{.6 IN BARBITURATE BUFFER; I = O.O 4 

PH 

9.00 

8.75 

8.50 

8 . 2 5  

8.oo 

7.75 

7.5 ° 

7.25 

7.oo 

(Desc.) 
• 104 

x.33 

x.32 

x.3 ° 

x.28 

1.26 

1 . 2 3  

1.20 

I . I9  

I.x7 

Valency (-ve) 

Sphere Rod 
25.03 u 26. 7 u 

33.3 35 .6 

33.05 35.3 

32.50 34.7 

32.0 34.2 

31.6 33.6 

30.8 32.8 

3o.x 32.1 

29.8 31.8 

29.3 31.2 

IV. ELECTROPHORETIC ANOMALIES 

As yet  in all the comparisons of electgophoretic and ultracentrifuge data no detailed 
allowance has been made for the effect of electrophoretic anomalies on the mobilities 
and relative concentrations of the two components. These anomalies are discussed fully 
later but, anticipating further results, under the normal conditions of analysis used in 
this investigation, apparent  concentrations do not differ from true concentrations by  
more than lO%. On the other hand, it has not been possible here to estimate concen- 
trations to an accuracy greater than lO-15 % in the case of sedimentation diagrams or 
about lO% in electrophoresis. Conclusions already reached involve larger effects and 
are therefore not invalidated by  the additional presence of boundary anomalies but  it 
is to be noted that  the calculations outlined later were performed before this conclusion 
was reached. 

a. Experimental investigation o/the anomalies in the present system 

LONGSWORTH ° showed that  the true composition of a mixture may  be obtained by 
extrapolation of the apparent  composition either to zero protein concentration at con- 
stant  ionic strength or to infinite salt concentration at constant protein concentration. 

Re/erences p. 396. 
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For several reasons the latter method is impracticable and it was decided to apply the 
former at PH 7 in barbiturate buffer on the ascending boundaries. It has been shown 
in the ultracentrifuge that variation of protein concentration did not affect the relative 
quantities of the two components which justified the attempt. 

Surprisingly, however, with increasing dilution of protein a very considerable 
decrease in the apparent concentration of the slower component occurs in the ascending 
limb until at the highest dilution precipitation occurs (Fig. 9)- 

A n  A g e  of  
s o l u t i o n  A s c .  D e s c .  

• i o  6 
(hrs) ~- -+ 

xo8 6 0  

JkJk A 
0 5 4  78  

027 102 

(PH 7 . ° )  0 4 2  50  ~ • A 

F i g .  9.  E f f e c t  o f  d i l u t i o n  o f  p r o t e i n .  E l e c t r o p h o r e t i c  d i a g r a m s  of  s o l u t i o n s  o f  f r a c t i o n  I i n  b a r b i t u r a t e  
b u f f e r ;  PH ----- 7 .o6,  I ~- 0 . 0 4  

Little change can be detected in the outline of the descending boundary. Not only 
is the change in the ascending limb in the opposite sense to that required by boundary 
anomaly effects but it is also dependent on time. Thus at the concentration corresponding 
to the refractive index change An = o.ooo79 an additional and gradual transformation 
of the slow to the fast component with time was detected, probably proceeding to 
equilibrium (Fig. xo). 

A n  T i m e  a f t e r  Asc .  
P H  • r o 6 d i l u t i o n  

(hrs)  

a.  7 .ox 79  a z  

Desc. 

A 

~k A 
7 .ox 79  9 0  

b .  6 . 97  9 z  4 .5  
• A 

L 
6 .97  9 2  x2o  . , 

F i g .  xo. E f f e c t  o f  t i m e  o n  t h e  e l e c t r o p h o r e s i s  d i a g r a m s  of  t h e  a s c e n d i n g  b o u n d a r i e s  i n  b a r b i t u r a t e  
b u f f e r ;  P H  = 7 .0 , I = 0 .0  4 

Re/erences p. 396. 
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The apparent percentage compositions of the diluted solutions are quoted in 
Table V and the ascending mobilities plotted against An in Fig. II .  

T A B L E  V 

A P P A R E N T  C O M P O S I T I O N  F R O M  T H E  A S C E N D I N G  B O U N D A R Y  

I N  B A R B I T U R A T E  B U F F E R  

Age of 
An solution 

(hrs) 

o.oo~o8 

0 . 0 0 o 9 2  I 2 O  

0.00079 90 

0.00054 4 ° 

(0.00042 ~8 

I = 0.04, PH = 7 .06 

~/o composi t ion 

Si4.e $9.o 

42 58 

42 58 

50 50 

6r 39 

58 42) 

I t  is to be noted that  under identical conditions in the ultracentrifuge no change 
between the relative proportions of S l u  and $9. o was observed (e.g. Fig. 7 Part I) so 
that  the changes of Figs. 9 and io appear peculiar to electrophoresis. They cannot 
merely be anomaly effects in view of the identity of the conditions at the different times. 

I t  is significant that  the change of composition with dilution and time occurs in 
the limb where reasonably clear separation of the two components is achieved (it will 
be stressed later that  this separation is an artefact of the electrophoretic anomalies 
which cause artificial sharpening of the ascending boundaries). I t  may then be possible 
that  this separation allows some type of chemical reaction to proceed in this limb. Such 
a reaction, detected in electrophoresis experiments but not in the ultracentrifuge must 
involve a change in net charge 
and it is of interest to enquire ~r t* 
how this might arise. V 

The interaction of the protein '~ ~ 
molecules with barbiturate ions ?~.2 
might be represented 

A S + x B -  ~ (A2B,,)-" ~.~ 
a + yB-  ~ (ABy)-" ~: 

~.o 
The mobilities and concen- 

tractions of the two complexes 0_o 
are actually measured in the elec- 
trophoresis experiments. By ac- o.8 
quiring additional barbiturate 
ions either from solution or from 
the complex (A2Bx)-" the slower 
complex could achieve the mo- 
bility of the faster, e.g. 

Re/erences p. 396. 

4 
f 

e ~  

0.8 
,an x 10"* 

Fig. i t .  Effect of dilution on the mobilities of the as- 
cending boundar ies  given in Fig. 9 and IO. Barbi tura te  

buffer; PH ~ 7 -oo, I = 0.04 

(A By)-" + zB- ~ (A By +,)-'~ 
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~a64 

002 

00a 

0.0~ 

00C 

Some such type of reaction might account for the changes in composition observed 
only in the ascending boundaries. 

In some previous experiments at PH 7 .0 a third boundary of mobility intermediate 
between the two main boundaries appeared. This boundary would be present if an inter- 
mediate complex existed. 

Thus it is not possible to test electrophoretic anomaly theory in regard to relative 
concentrations but the plot of mobility against protein concentration is of considerable 
significance in this connection, and is considered later. 

LONGSWORTH e has demonstrated that  the moving boundaries in electrophoresis 
experiments are subject to several anomaly effects. The conductivity effect usually 
causes artificial sharpening of ascending and artificial blurring of descending boundaries 
whilst at pa's above the isoelectric point of the protein these processes are opposed by 
the Pa effect, the magnitude of the latter being dependent upon the slope of the mobility 
vs PH graphs. Since, for the ground nut system, this slope is usually small (Fig. 5) the 
conductivity effect considerably outweighs the Pa effect at all pH'S. 

In addition DOLE t° has been able to show that  all deviations from ideal behaviour 
increase as the relative mobility (r) of the buffer ion, of the same sign as the protein ion, 
increases. Thus, for a negatively charged protein, smaller deviations will be obtained 
in barbiturate (B-) buffers (rNa+ = + I.OOO; rB-- = --O.464) than in chloride buffers 
(rCl- = - -  1 , 6 8 I ) .  

b. The extent o~ the anomalies in the present electrophoretic work 

The actual compositions of the buffers used are given in Fig. 12. 
According to LONGSWORTH AND DOLE the anomalous effects should increase as the 

y 
Ng8 

Z0 8D 10D 

Fig. r2. Compos i t ion  of b a r b i t u r a t e  buffers  

N a B  = Sod i um d i e t h y l b a r b i t u r a t e  
H B  = D i e t h y l b a r b i t u r i c  acid 

[c l- ]  
ratio--~-~ increases (i.e. with decreas- 

ing Pti) and become very large at PH 
7.0. If the mobilities of the fast and 
slow boundaries in the two limbs are 
examined it is evident (Fig. 13) that  
whilst at the higher pH'S the mobilities 
of the corresponding descending and 
ascending boundaries are almost iden- 
tical, considerable divergence occurs at 
the lower pH'S. 

The differences in mobility at the 
lower pn's therefore indicate the in- 
creasing anomalous effects to be associ- 
ated with buffers containing a prepon- 
derance of the fast C1- ion. The presence 
of anomalies at Pn 7 is also shown by 
Fig. I I which demonstrates the changing 
relative mobilities of the two compo- 

nents in the ascending boundary with changing protein concentration. Thus at the 
higher protein concentrations the presence of larger anomalies causes a marked increase 
in the apparent mobility of the slower component, though the fast component is not 
so much affected. On the other hand at the lower protein concentrations the apparent 

Re/evences p. 396. 
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mobility values for both components ~" 
are not very different from those 
reported in Fig. 5 for the more reli- 
able descending boundary. ~ l.s 

In parallel with the above dif- 
ferences in mobility, ascending ~" s, 
boundaries will tend to be sharper ~1.0 ~ -  s: 
than the descending (for rB : rpro~in = 
I : O.515) and the effect becomes 
more pronounced at the lower pH'S. 0.~ 
Whilst at pH'S above 8.0 the ascend- 
ing and descending boundaries are 
very similar in diffuseness (Fig. I4a) 
(an indication that the conductivity 0z 
effect and anomalies are in general 
small), at PH 7 .0 the sharpening of 
the ascending boundary makes pos- 

_ fASC ~ z  

I 
5.0 60 7.0 80 9.0 fO9 

Fig. 13. Mobility vs PH graphs for solutions of frac- 
tions I and II in barbiturate buffer; I = o.o4 

sible a clear separation of the two components. 

A n  
PH • x o s Asc. Desc. 

a. 8.89 iIO 

b. 7.06 xo 5 

Fig. 14. Effect of boundary anomalies on electrophoresis diagrams 

The artificial blurring on the descending side at this same PH prevents a similar 
separation. 

To decrease the extent of the anomalous effects at this PH and ionic strength in 
[NAB] 

order to test the above explanation it would be necessary to increase the ratio - - -  
[NAB] [NaC1] 

keeping the buffer ratio ~ constant. I t  is not however possible to increase appreci- 

ably the molarity of the NaB and also of the HB because of the limited solubility 
at 20 ° C of the undissociated acid. 

I t  can be shown, however, that the sharpness and clarity of separation of the as- 
cending boundaries at these pH'S is very sensitive to changes in conductivity (and salt 
concentration) of the protein solution. Thus whilst a normal experiment on a dialysed 
solution of fraction I I  at PH 7.33 gave the normal diagrams of Fig. i5a, a similar protein 
solution in incomplete osmotic equilibrium with the buffer through slight evaporation 
gave the very different diagrams of Fig. I5b. 

Since small changes in conductivity have such striking effects on the electrophoretic 
diagrams it is clearly essential that complete osmotic equilibrium between protein and 
buffer solutions be established. 

Re/erencc.~ p. 396.  
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a. Normal 
dialysed 
solution 

Specific Conductivity 

An Protein Buffer Asc. Desc. 
solution solution +_ _+ 

a k ~  
0.00083 0.00359 0.00360 

~8o 

eo 

§ 

0.5 

b. Incompletely 0.00085 0.00368 0.00360 
dialysed 
solution 

Fig. x 5. Complete and incomplete equilibration (by dialysis) of protein and buffer solutions. Frac- 
tion II in barbiturate buffer; PH = 7.33, I = o.o 4 

c. Calculation o/anomaly e~ects and apparent composition 

The calculations of valency for the $14.e species already outlined gave a mean value 
in barbi turate  buffer at I = 0.04 and PH 7 .o of - -  30.25. The charge may  now be ex- 

pressed as -3°'2~5 o.915 • IO -4 faraday equivalents per gram and the concentrations 
330 ooo 

of protein at this PH in equivalents. In the following calculations using the method of 
DOLE, the mobility of the S14.s component has been taken from the descending fast 
boundary which gives correct mobilities. The mobility of the slow component is not 
determined in any of the electrophoresis experiments (except possibly at  the higher pH'S 
were the solutions are almost monodisperse with respect to the Sg.0 species) and it is 
therefore necessary to examine the detailed anomalous effects over a range of mobility 
for this component. The calculations have been performed for a typical mixture, 

i.e. 0.3% of both the $14.6 and Sg.o species in 
• 0.0 4 M solutions of NaCI (full lines) and 

-~'OESC 
i _ ~ ==:_ 

0.6 " 0.7 0.8 0.9 1.0 

Fig. x 6. Calculations of apparent  composition 
by the theory of DOLE. o.3°/o each of parent 
and dissociated molecule in o.o 4 M solutions 
of NaC1 (full lines) and NaB (dotted lines) 

at PH 7 .0. 

Re#yences p. 396. 

NaB (dotted lines) at PH 7 .°, and the ap- 
parent  theoretical composition given by  the 
electrophoretic analysis is plotted against the 
ratio of the mobilities of the $9. 0 and $14.6 
species from the value 0.50 to I.O (Fig. 16). 

The deviations of apparent  from the 
actual composition (50% $14.e, 50% $9.0) are 
greater in the NaC1 solution. Ascending bound 
aries are most affected but  the deviations 
increase in both limbs as the mobilities of the 
two components become closer. The maxi- 
mum effect of the anomalies in the barbi- 
turate experiments may  now be calculated. 

The descending mobilities of the two 
components at  PH 7 .0 are 1.13 and 0.96. lO -4 
cm 2 volt - t  sec - t  resp. The latter mobility 
may  be corrected approx, for the higher value 
of conductivity of the solution between the 
fast and slow boundaries by  the factor 1.o2. 
The ratio of the slow to fast mobility then 
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becomes 0.87 : i.oo. From Fig. 16 the corresponding apparent percentages of the fast 
component in the sodium chloride solutions are 58% (Asc.) and 56% (Desc.) and in the 
sodium barbiturate solution 52% (Asc.) and ca. 5o% (Desc.). The values of apparent 
composition in the actual barbiturate-NaC1 buffer at Pa 7 .0 will be slightly less than 
those quoted for the sodium chloride solution, whilst at PH 9 .0 the deviations will be 
smaller and of the same order as determined for the sodium barbiturate solution. 

These maximum deviations are considerable at PH 7.0, but  it must again be stressed 
that at the low concentrations employed in this investigation an actual area of a schlieren 
peak cannot be determined with an accuracy much greater than Io%. The previous 
comparisons of electrophoretic and ultracentrifugal data have been made with this 
degree of accuracy in mind. At higher pH's than 7.0 the deviations become less than 
this experimental error. 

Calculations by the. theory o/HOCH n 

These calculations have been made for 
ality factor being taken as equal to the 
experimentally determined value for serum 
albumin in phosphate buffer, I = o.Io i.e. 
K = 0.06. The total concentration of the 
protein mixture was, as above, 0.6% and 
the three series of computations were made 
for the following actual compositions, (i) 
95% fast, 5% slow; ( i i )50% fast, 50% 
slow; (iii) 5% fast, 95% slow; Fig. 17 gives 
apparent composition as a function of r2/r x. 

Thus the apparent concentzation of 
the faster component only approaches that  
of the total mixture when the mobility of 
the slower component is practically equal 
to that of the faster i.e. differs by not more 
than 2 %. Normally a difference of mobility 
of 2% is undetectable and the extreme 
deviations of this theory have no practical 
significance. The deviations of composition 
for the ground nut  system (curve 2, Fig. 17 , 
shaded area) amount to 5%-- -~ th in  ex- 
perimental error--and it is noticed in 
general that  this curve (z) coincides ap- 

a two component system, K* the proportion- 

g,o ' 

0.6 0.7 0.8 0.9 
r2/rl 

Fig. 17 . Calculations of apparent composition by 
the theory of HocH. Total concentrat ion o.6%, 
K x =  K ~ =  o.o6. 
Curve I. Actual composition 95~/o fast, 5 %  slow 
Curve 2. Actual composition 50% fast, 50% slow 
Curve 3. Actual composition 5~/o fast, 95% slow 
Shaded area represents range of present mobilities 

proximately with the computations on the system in o.o 4 M sodium chloride using 
the theory of DOLE (Table VI). 

* For definition of K see original paper by Hocri tt 

Re/emnces p. 396. 
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T A B L E  VI  

COMPUTATIONS BY THE THEORIES OF DOLE AND HOCH. MIXTURE CONTAINS 
O.3~/O OF SM4 AND 0 . 3 ~  0 OF So, 8 COMPONENTS; PH 7 .0 

DOLE HOCH 
A p p a r e n t  conc.  of S14. i A p p a r e n t  conc.  of $14. a 

r s fas t  c o m p o n e n t  in fas t  c o m p o n e n t ;  
rz 0.04 M NaC1 K • 0.06 

Asc. Desc; 

0.6 

0.7 

0.8 

0.9 

0.925 

0.95 

o.975 

0.99 

Asc. Desc. 

52.8 51.8 

53.8 52.o 

55.0 52.7 

59.2 55.4 

62.0 57.0 

67.8 60. 7 

80.5 70.5 

93.z 85.0 

52.4 

52.4 

53.0 

58.0 

61. 5 

66.9 

75.0 

85.4 

52.4 

52.4 

52.7 

56.7 

60. 4 

65.7 

73.5 

82. 7 

395 

S U M M A R Y  

Elec t rophore t i c  e x a m i n a t i o n  h a s  s h o w n  t h a t  t he  $14.1 a n d  SI. o species  h a v e  su rp r i s ing ly  s imi la r  
mobi l i t ies  wh ich  accoun t s  for poor  resolut ion in m i x e d  s y s t e m s .  T h e  genera l  p i c tu re  of  the  a r ach in  
d issoc ia t ion  (from P a r t  I) conce rn ing  b o t h  equ i l ib r ium pos i t ion  a n d  reac t ion  ra tes  ha s  been  conf i rmed 
for p h o s p h a t e  a n d  b a r b i t u r a t e  buffers.  

The  SO4-- ion is s t rong ly  adso rbed  on  t h e  a r ach in  s y s t e m  caus ing  increased  (-ve) mob ih t i e s  
for b o t h  componen t s .  Such  ions  are  no t  r e m o v e d  by  pro longed d ia lys is  b u t  are  replaced b y  d ie thy l -  
b a r b i t u r a t e  ions.  I t  is difficult  to  reconcile t he  adso rp t ion  of t he  SO4-- ion wi th  i ts  effect on t he  
d i ssoc ia t ion  process .  

On  d i lu t ion  of t he  a r ach i n  sy s t em,  cer ta in  changes  in e lec t rophore t ic  d i a g r a m s  occur  wh ich  
h a v e  no c o u n t e r p a r t  in s ed i men t a t i on .  Such  changes  h a v e  m a d e  i t  imposs ib le  to t e s t  e lec t rophore t ic  
a n o m a l y  t h e o r y  expe r imen t a l l y  as i t  concerns  c o m p o n e n t  areas,  b u t  t he  genera l  l ines of t he  t h e o r y  
h a v e  been conf i rmed by  mobi l i ty  m e a s u r e m e n t s .  

T h e  e x p e r i m e n t a l  work  of FONTAINE et al. has  been largely conf i rmed b u t  a d i f ferent  in ter -  
p r e t a t i o n  is offered. 

RPCSUM]~ 

L ' e x a m e n  d lec t rophor~t ique  a mon t r6  que  les esp~ces $14.e e t  So. o o n t  des  mobilit&~ ~ t o n n a m m e n t  
semblab les  ce qu i  exp l ique  la faible s~para t ion  ob t enue  avec  des  sys t~mes  mix tes .  L ' a s p e c t  g6n~ral  
de la d issocia t ion  de l ' a rach ine  (voir la iSre pa r t i e  de ce m6moire)  en  ce qu i  concerne  la pos i t ion  de  
l '~qui l ibre  et  les v i tesses  de r6ac t ion  a ~t~ conf i rm6 pou r  le cas  des  t a m p o n s  p h o s p h a t e  e t  ba rb i tu ra t e .  

L ' i on  SO4 = es t  f o r t e m e n t  adsorb~ pa r  le sys t~me  de l ' a rach ine  a u g m e n t a n t  a ins i  les mobil i t~s  
des  deux  composan te s .  Ces ions  ne  son t  pas  enlev~s pa r  d ia lyse  prolong6e ma i s  s o n t  remplac6s  pa r  
les ions  d i6 thy lba rb i tu r iques .  II es t  difficile d ' accorder  l ' adsorp t ion  des ions  SO4 = avec  leur ac t ion  
su r  le p rocessus  de dissociat ion.  

Apr~s  d i lu t ion  du  sy s t ~me  a rach ine  on observe  ce r ta ins  c h a n g e m e n t s  su r  les d i a g r a m m e s  
61ectrophor~tiques qu i  n ' o n t  pa s  de paralli~le en  la s~d imen ta t ion .  Ces c h a n g e m e n t s  on t  r endu  
imposs ib le  la  v&if ica t ion  e x l ~ r i m e n t a l e  de la th~orie  de l ' anoma l i e  ~ lec t rophore t ique  ma i s  la theor ie  
a pu  ~tre confirm6e en l igne g~n&ale  pa r  des  mesu re s  de mobi l i t& 

N o u s  a v o n s  confirm~ en  g rande  pa r t i e  les t r a v a u x  e x p & i m e n t a u x  de  FONTAINE et coll. m a i s  
nous  p r6sen tons  une  in t e rp r6 t a t ion  di f f&ente .  

Re/ere~es p. 396. 
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ZUSAMMENFASSUNG 

Eine elektrophoretische Priifung hat gezeigt, dass die Arten Sta.e und S0, erstaunlich Ahnliche 
Mobilit~ten besitzen, was die schwache AufiSsung in Mischsystemen erklArt. Das allgcmeine Bild der 
Arachindissoziation (siehe Teil I), was die Lage des Gleichgewichtcs und die Reaktionsgeschwindig- 
keiten betrifft, wurde fiir Phosphatpuffer und Barbituratpufter bestAtigt. 

SOl-Ionen werden stark am Arachinsystem adsorbicrt und erh~hen so die Mobilitat beider 
Komponenten. Solchc Ionen werden durch andauernde Dialyse nicht cntfernt abcr durch Diiithyl- 
barbiturs~ure-Ionen ersetzt. Es ist sehwierig die Adsorption der Sulfationen mit ihrer Wirkung auf 
den Dissoziationsprozess in Einklang zu bringen. 

Bei Verdtinnung des Arachinsystems treten im Elektrophoresediagramm Veriinderungen auf, 
bei der Sedimentation ist hingegen nichts Entsprechendes zu beobachten. Diese VerAnderungen 
vereiteln die experimentelle Priifung unserer Theorie von der elektrophoretischen Anomalie. Diese 
Theorie wurde aber in grossen Z(igen durch Mobilitiitsmessungen bestAtigt. 

Die experimentelle Arbeit von FONTAINg et al. wurde gr6sstenteils bestAtigt aber eine andere 
Interpretation vorgeschlagen. 
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